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0 MbdngpolymarBMJchasrut>bar. 

© Conaialant control of viscoaity when mMng polymara, 
acpadaNy rubbar, with additivaa is daairabla. 

Baaad on a now approach to the aatlmatton of whan a 
piaaeribad viaooiity ia isaing attained by tha mbdng, tha 



(i) daforming polyinor until it ia aatimatad to attain a first 
pradatormmad viacosity. than 

(ii) adding filiar and daforming tha polymar^nd-fillar 
mbctura until it is astimatad to attain a second 
pradatarminad viaooaity. than 

(iii) adding oil or plaatkMar. and deforming tha resulting 
mbctura until it ia astimatad to attain a third predeter- 
mined viaooaity. than 

(iv) diacharging tha resulting mbcture from the process. 
Our way of oMimating that each predetermined viacosity 

is attained is es follows: the mbcing torque applied by the 
mbcar ia meesured at least twk» at a fixed mixer-rotor speed 
and oorrsdad to a rafsranoa batch tomparatura; the rate of 
change of tha toniua is determined: the time, or the 
deforming energy, to reach the torque characteristic of the 
respective predetermined visoosity is predicted t»y extrapola- 
tkm; and the deforming is continued for the predicted time 



In the procees. opckxiaJly. at a pradetenmined length of 
time before alap on) ia completed, the other ingredients 
which promote c r oss B nl On g are added to the mixture, so 
thet cfiffarant batches of the product behave conaistemty 
later on. Tha quantity of other Ingredients added may be 
adiusted aa a further or eltemative meena of oontrolling 
viscoaity. 

The ram praasurs applied to the mbdng chamber may be 
increaaed or decreased in rssponse to the cyclic ram 
movement observed during mixing, to ensure no stagnation 
nor undue temperature rise. 
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MIXIMO FOLIPim lUCH AS KUBBER 
Thli iRMRtloB r«UtM to • prectsa for mixing polya^rs «uch 
M rubb«r» Allltd •UstMtrs, nd slnllar eoiyouiids, «nd also for 
blonds of ouch MtorUlo (for mm^Io a 30t50 blond of rdibor and 
poljrCvinyl chlorido)), and for any Mtarial uhich ehangao its 

05 viscosity secording to how such it is dsfonad. lha invantion My 
ba uaad for instanca for mixing rubbar with additivaa, aspadally 
vbara a nsxiatui ttnpsratura nuat not ba axcaadad. It can also ba 
usad to inltiata ths addition of additivas such as f illars af tar 
polymars have startad to gal. 

10 At present, rubber is often mixed In several stages. Thus* 

raw rubber msy be mssticatad in a mixer, then discharged, then 
ra-fed to the mixer for adding carbon black to the maaticated 
rubbar* then again re-fed to tha mixer for adding croas-linking 
agents and so on. The inconvanianca of thia procedure has led to 

15 propoaals to perform all these ataps without such re-feeding. 

Such proposals, however, have hitherto required alow mixing or a 
variable-speed mixer. For example, DS Patent specification 3447201 
(Adsmson United Company) teaches the use of a mixer in which a 
variable-speed motor drives intermeshing rotors to effect the 

20 mixing and in which, in response to the monitored teBq>erature and 
motor torque, the motor speed is changed. UK Patent Application 
GB 2084035A (Werner & Pf leiderer) teaches a mixing sequence 
controlled on the basis of energy marks and a superimposed 
desired/actual value follower control of the mixing teo^erature 

25 via the specific energy supplied to the mixture^ the paddle speed 
and/or the plunger pressure serving as mnipulated variables for 
the temperature. 

Fixed-speed-drive mixers cannot be controlled to keep the 
mixture at or near a target temperature, and the only remaining 

30 suitable parameter would be the ram pressure, that is, the pressure 
of the ram which pushes the mixture into the (for example) inter- 
meshing rotors. The danger with reducing ram pressure is that the 
batch could excessively displace the ram and hence move into 
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rtgiont of stagnatlony giving subauntial ln-b«teh variAtion. 
Som cyclic sovrntnt of tho ran is hovovor aaual at the rotora 
rotata. 

In ona aapactt tharafora. tha invantion providaa a procoaa 

05 for mixing in a chaabar, to which raailiant praaaura ia appliad by 
a ran. charactariaad in that tha aovaaant of tha ran during mixing 
la monitorad and tha ram praaaura ia ineraaaad whan tha monitorad 
movamant la azcaaalva comparad vlth a maximum pazmlaalbla movamaat 
pradatarminad for that chaidiar. Optionally tha ram praaaura la 

10 also capabla of balng raducad during tha procaas (in ^proprlata 
circumstancaa, auch as axcassiva taoqparatura rlsa). 

Viscosity of tha mixture is commonly taken to be proportional 
to the torque applied by the motor. However, we have found that 
a reliable measure of viscosity also requires the torque to be 

15 measurttd at a reference speed as wall as being corrected for tha 
difference between actual batch temperature and a reference 
tuperatura. Tha torque la commonly taken as (motor power) /(motor 
speed). When the batch temperature at some inatant is not tha 
reference temperature , an aquation relating viscosity to batch 

20 temperature can be used to make the necessary correction. The 
constants of this equation nust be deduced by off-line testing. 
Although the word Viscosity* is used throughout to described the 
flow behaviour of a polymer, it Is to be understood that the 
measurement of torque during deformation may derive from vlsco- 

25 elastic behaviour. 

The present Invention is Intended to permit one^tage polymer 
mixing, or more productive use of sequential stage mixing with a 
variable-speed rotor, thanks to a new approach to the estimation 
of when a prescribed viscosity is being attained by the mixture. 

30 Vlth a fixed-speed rotor, the invention offers the prospect of 
more uniform mixtures. 

According to another aspect of the present invention, a 
process for mixing polymer comprises deforming: polymerCs) ; or a 
mixture of polymer (s) and (an) other ingredient (s ) ; or a mixture 
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of other Ingredients; untU It Is estimated to attain a predeter- 
mined vl8C08ity» characterised in that the attainnent of the 
predetermined viscosity is estimated as follows: the mixing 
torque applied by the mixer is measured at least twice at a fixed 
mixer-rotor speed and corrected to a reference batch temperature; 
the rate of change of the torque is determined; the time, or the 
deforming energy, to reach the torque characteristic of the respec- 
tive predetermined viscosity is predicted by extrapolation; and 
the deforming Is continued for the predicted time or energy, the 
process optionally being further characterised in that all the. 
or the last of the» other Ingredlent(B) which when all present 
promote cross-linking. Is/are added to the mixture at a predeter- 
mined length of time before the predetermined viscosity is estimated 
to be attained. 

Also according to the present invention, a polymer mixer 
comprises means (such as a fixed- or variable-speed rotor) for 
deforming: defoming polymer(s); or a mixture of polymer(s) and 
(an)other Ingredient(s) ; or a mixture of other ingredients; 
until it is estimated to attain a predetermined viscosity, 
characterised in that the attainment of the predetermined 
viscosity is estimated as follows: the mixing torque applied by 
the mixer Is measured at least twice at a fixed mixer-rotor speed 
and corrected to a reference batch temperature; the rate of 
change of the torque is determined; the time, or the deforming 
energy, to reach the torque characteristic of the respective 
predetermined viscosity is predicted by extrapolation; and the 
deforming is continued for the predicted time or energy, the 
mixer optionally being further characterised in that all the, 
or the last of the, other ingredient(s) which when all present 
promote cross-linking, is/are added to the mixture at a predeter- 
mined length of time before the predetermined viscosity is estimated 
to be attained. 

In the method, the mixture of polymer (e.g. rubber) and 
other ingredlent(s) (e.g. oil, so-called vulcanising system, 
plasticiser and filler) may be arrived at in any order. Thus a 
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physical bind of mm or all tho othor Ingrtdlonta nay ba aixad 
vith tba rubbar» or tha polyaar My ba daforMd and oil and fUlar 
and plaatleiaar addad In any ordar or any tm or wra togathar 
with daforaing batman Mch adding, any ona or worm (a.g. all) of 
05 tha dafonainga continuing until a raapactlva pradatazainad vlacoal^ 
la aatlMtad to ba attalnad aa act forth abova. 

Thus in ona Mthod according to tha praaant invantion, a 
procaaa for nixing nibbar coapriaaa:- 

(1) daforaing raw rubbar(s) until it la aatlMtad to attain 
10 a first predetarminad viscosity » than 

(11) adding f iller(s) and dafoning tha rubber(8)-and-f illar(s) 
nixtura until it is astlMtad to attain a second predetar- 
■ined viacosity. then 
(ill) adding oil or plasticiser* and defoming the resulting 
15 mixture until it is estiaated to attain a third predator*- 

mined viscosity, then 
(iv) discharging the resulting mixture from the process, 
characterised in that the attalusent of each predetermined 
viscosity is estlMted as follows: the mixing torque applied by 
20 the mixer is measured at least twice at a fixed mixer-rotor speed 
and corrected to a reference batch temperature; the rate of 
change of the torque is determined; the time, or the deforming 
energy, to reach the torque characteristic of the respective 
predetermined viscosity is predicted by extrapolation; and the 
25 deforming is continued for the predicted tiM or energy, the 

process being further characterised in that, at a predetermined 
length of tiM before st^ (111) is completed, said predctetmined 
length of time constituting a stage, all the, or the last of the, 
additive (s) which lAien all present promote cross-linking is/are 
30 added to the mixture at the Instant defining the start of the said 
stage • 

Alternatively, the attainment of any one or more of the 
predetermined viscosities (especially if the polyMr viscosity is 
unaffected by deforMtlon) My be estiuted by comparing the 
35 actual viscosity with the predetermined viscosity , or with a 
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target irlscoslty adjusted for tlse and/or energy and/or tempera- 
ture fron the predetermined viscosity, and during the same or a 
subsequent step adding oil, plastidser or other viscosity- 
affecting chemical in a quantity determined by the comparison. 

05 The ram pressure control set forth above may be used in 

conjunction with any of these aspects of the Invention. 

The nord ''deforming'* is used because "mixing" does not fully 
express the action performed on the material, but we continue to 
call the apparatus the "mixer", according to normal usage. 

10 Since the material may be spoiled if allowed to become too 

hot, and since heating is a direct result of deforming, preferably 
the rate of deforming is so controlled that a maximum teiq>erature 
predetermined independently for each combination of batch compo- 
nents, (thus for example independently for each stage of each 

15 step (1) to (iii)) is not exceeded. 

The cross-linking agent (also known as curative) takes 
effect, in conjunction with the other components of the cross- 
linking system such as initiators and accelerators, in a curing 
step, well after the process set forth above. However, control of 

20 the curing step is simpUf led if each hatch can be given the same 
temperature and duration of curing treatment, and this in turn 
requires that each batch has had the same thermal history from the 
Instant of adding all the, or the last of the, additive(s) which 
when all present promote cross-linking t£ the instant of entering 

25 the curing step. The step of deforming the rubber/cross-linking 
agent mixture is very significant in this, because of the elevated 
temperature at which this is typically done, wherry a certain 
amount of progress towards the cross-linking reaction Is expected 
to occur during this step. Thus, in the case of a variable-speed 

30 rotor, for the purpose of ensuring a consistent thermal history of 
the cross-linking agents from batch to batch, their mixing should 
continue always for a constant time, at a reasonably constant 
temperature, or at a constant integrated temperature with respect 
to time, so that the deforming after all the cross-linking system 

35 is present (step (iii) in the example) ends at the predeteimined 



- 6 - 



0172726 



vlaeotlty. X& tbm Imbb pr«£ttrr«d cut of « flxftd speed rotor « on 
tht othor handt m olallar porpoM aay bo at loaot approacbod in 
that all tha, or tha laat of tha, additlva(a) which «Aan all 
praaant pronota croao-linking ara addad at an instant giving for 

05 its Mixing alvaya a conatant intagratad tanparatora with raapact 
to tiaa. Tha duration of that part of atap (iii) bafora tha (laat 
of tha) cross-linking prosoting additive (a) is/are added is adjusted 
accordingly so that step (iii) (i.e. thet stage) will on average 
end at the predetermined viscosity. 

10 The varlable-^peed rotor version is preferred for a further 

reason, namely that it can be exploited to put the re<tuired energy 
into the mixture as quickly as poasible without its exceeding any 
required asxiaum teayerature, and hence at loweat overall cost. 
This can alao be useful, to ensure that the polymers have a 

15 sufficiently hig^ viscosity to transmit mixing forces to fracture 
agglomerates of filler particles to a sufficiently fine size 
distribution. Thus* the rotor speed is preferably continuously 
adjusted to maintain a target batch temperature,, and this tempera- 
ture is preferably as close as may be dared to the said maximum 

20 temperature. 

Turning to the ram pressure control set forth above, precise 
batch temperature control cannot be achieved with f ixed-«peed 
mixers, although it is well known that reducing ram pressure can 
significantly reduce the rate of tenperature rise in the latter 

25 parts of a mixing cycle. The danger with reducing ram pressure is 
that the batch will displace the ram and hence move into regions 
of stagnation, giving substantial in-batch variation. To avoid 
this according to the invention, one possibility is a closed-loop 
control system designed to ensure that the ram exerts the minimum 

30 pressure necessary to keep the batch in regions where it is actively 
mixed at all tloBes. Sense cyclic movement of the ram is expected, 
due to the action of the rotors on the batch, so the set-point 
chosen for the system in this example is a mean ram displacement. 
The set-point is determined by the geometry of the rotors and the 

35 mixing chamber and is factory-preaet, not adjustable by the user. 
A continuous record of ram position (from a linear displacement 
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traiMdaetr) can thn b« «r«r«s«d for • •p«elfl«l tia* period, «nd 
!• cmvared with the set-point. lb* ecror aignal ia fad to a 
control algorithi to riter a eoipraaaad-«ir raguUtiag valve which 
adjaat. ran preaaure. ao that tbia preaaure ia almya adequate to 
kaep .11 regions of the batch actively aixed at all tiaea. The 
pressure is applied to the rs» by coi^reesed-alr. aa eo^>reased 
liquid would not permit the ram to be diapUced against the 
pressure which Is applying. This systs. can also be used in 
conjunction with the rotor speed batch temperature control 
described for variable speed mixers. 

In typical rubber mixing, quantities of oil. plastlclser. 
sccelerator and retarder are added, these collectively being known 
sometimes aa "email powdera". Iha alternative method aet forth 
above for estlmstlng the attainment of « predetermined vlacoslty 
exploits these additions, by varying the quantity added to arrive 
at the required viscosity. It is possible to co^>lle a table of 
the viscosity (at a reference temperature and speed) of an Ideal 
mixture of rubber at any stage In ita mixing procaaa, and to 
adjust the quantity or relative proportions of small powders added 
to a real mixture at some particular stage In Its mixing so as to 
alter Its actual viscosity (corrected to a reference temperature 
and speed) to the viscosity which the ideal mixture would have at 
the corresponding stage of Its mixing. Thus the (corrected) 
viscosity of a polymer would be determined during Initial 
deformation in the mixer of polymer without other Ingredients, and 
compared with the viscosity of Ideal poljmer at the corresponding 
Instant during its deformation, ftrom off-line tests, the relation- 
ship Is determined of the concentration of oil, plastlclser or 
other viscosity-affecting chemical to the viscosity. The quantity 
of such chemical to be added is calculated from the viscosity 
comparlslon using this relationship. Indeed, altbou^ many 
rubbers become less viscous with mastication, some do not, and 
with the latter this method of adjusting the viscosity is to be 
preferred. A combination of this method and the previously 
described mastication method may also be preferred in appropriate 
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A process as set forth above can therefore achieve a sub- 
stantially higher level of In-batch and batch-to-batch vnifomlty 
than has hitherto been possible. It is desirable to produce, 
consistently « batches of mixed coi^K>and with flov and cross- 
OS linking characteristics both of which confoni closely to 

prescribed values, to enable the productivity of domstrea& 
processes to be opt liaised and the performance of the ultimate 
(e.g. vulcanised) products to be enhanced. Such a process can be 
used as a basis to maximise the output from an internal mixer 
10 and/or to minimise the unit cost of mixing (per unit volume of 
mixed compound) . The efficiency with irtiich these objectives can 
be achieved will be enhanced if the process set forth above is 
used in conjunction with the techniques collectively knofm as 
'evolutionary operation*. The process is highly suitable for 
15 computer control. 

When a compound has not been mixed previously and there are 
no mixing cycles for similar coB^>ounds in the computer files, it 
is best to create a new mixing cycle specification throu^ a 
set-up procedure. Since the user cannot specify torque/viscosity 
20 targets directly, the mixing cycle is based simply on time or 
energy, which convert into target viscosities/torques and for 
which measurement Instants may be diosen using an appropriate 
computer programme. Target tesiperature would be set manually from 
a knowledge of the temperature-sensitive ingredients in the polymer 
23 mixture, as would the time of addition of the (last of the) cross- 
linking system before the end of the mixing cycle. 

The set-up procedure would give, with some experimentation, a 
mixing cycle capable of consistently achieving the desired mixed 
material properties. Progressive adjustment of set-points through 
30 evolutionary operation would then move the process towards optimum 
productivity. 
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CLAIMS 

1. A process for ■ixing polynsr, coBprislng defondng polymtrCs); 
or A alxture of polyaerCs) and (an) other ingredient(8) ; or a 
slxture of other ingredients; until it is estiasted to attain a 
predetemined viscosity, characterised in that the attainment of 

05 the predetemined viscosity is estimated as follows: the mixing 
torque applied by the mixer is measured at least tvice at a fixed 
mixer-rotor speed and corrected to a reference batch temperature; 
the rate of change of the torque is determined; the time, or the 
deforming energy, to reach the torque characteristic of the respec- 

10 tive predetermined viscosity is predicted by extrapolation; and 
the deforming is continued for the predicted time or energy. 

2. A process according to Claim 1, characterised in that all 
the, or the last of the, other ingredient (s) which when aU present 
promote cross-linking, is/are added to the mixture at a predeter- 

15 mined length of time before the predetermined viscosity is estimated 
to be attained* 

.3. A process according to Claim 2, wherein the polymer is rubber 
and the process comprises:- 

(i) deforming row nibber(8) until It is estimated to attain 
20 a first predetermined viscosity, then 

(ii) adding £iller(8) and deforming the rubber(8)-and-f iller(s) 
mixture until it is estimated to attain a second predeter- 
mined viscosity, then 
(iii) adding oil or plasticiser, and defoxming the resulting 
25 mixture until it is estimated to attain a third predeter- 

mined viscosity, then 
(iv) discharging the resulting mixture from the process, 
characterised in that the attainment of each predetermined 
viscosity is estimated as follows: the mixing torque applied by 
30 the mixer is measured at least twice at a fixed mixer-rotor speed 
and corrected to a reference batch temperature; the rate of 
change of the torque is determined; the time, or the deforming 
energy, to reach the torque characteristic of the respective 
predetermined viscosity is predicted by extrapolation; and the 
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defoxalng is continued for the predicted tlae or energy, the 
process being further characterised in that, at a predetermined 
length of tine before step (iii) is couple ted, all the, or the 
last of the, additive(8) vhich when all present promote cross- 
05 linking is/are added to the mixture. 

4. A process for mixing in a chamber, to iihich resilient 
pressure ia applied by a rm, characterised in that the movement 
of the ram during mixing is monitored and the ram pressure is 
increased When the monitored movement is excessive compared with a 

10 maximum permissible movement predetermined for that chaniber. 

5. A process according to Claim 4, i^erein the ram pressure is 
also capable of being reduced in the process. 

6. A process according to any of Claims 1 to 3, Wherein resilient 
pressure is applied by a ram according to the process according to 

15 Claim 4 or 5. 

7. A process according to any preceding claim, modified in that 
the attainment of the predetermined viscosity in any one or more 
stages is Instead estimated by comparing the actual viscosity with 
the predetermined viscosity, or with a target viscosity adjusted 

20 for time and/or te^>erature from the predetermined viscosity, and 
during the same or a subsequent step adding oil, plastlclser or 
other viscosity-affecting chemical in a quanti^ determined by the 
comparison. 

8. A polymer mixer, comprising means for deforming polymer(s); 
25 or a mixture of polyraer(8) and (an}other ingredient (s) ; or a 

mixture of other ingredients; until it is estimated to attain a 
predetermined viscosity, characterised in that the attainment of 
the predetermined viscosity is estimated as follows: the mixing 
torque applied by the mixer is measured at least twice at a fixed 
30 mixer-rotor speed and corrected to a reference batch temperature; 
the rate of change of the torque is determined; the time, or the 
deforming energy, to reach the torque characteristic of the respec- 
tive predetermined viscosity is predicted by extrapolation; and 
the deforming is continued for the predicted time or energy. 
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9. A polyaer mix«r according to aala B» furthar coovrlaliig 
control naana for adding croaa-Unklng agant to tha mlactura^ tha 
control naana balng charactarlaad In that all tha» or tha laat of 
that addltlva(a} which irtian all praaant pronota croaa-llnklngt 

05 la/ara added to the mixture at a pradatamlnad length of tlaa 
before the predetermined vlacoalty la eatlmated to be attained. 

10. A polymer mixer according to Claim 8 or 9« vharaln the 
deforming meana comprlae a flxed-apeed rotor. 

11. A poljnDier mixer according to Claim 8 or 9» %Aiereln the 
10 deforming means comprise a verlable^peed rotor. 

12. A polymer mixer coaprlalng a chamber, to which resilient 
pressure Is applied by e ram, characterised In that tha movement 
of the ram during mixing la monitored and the ram pressure Is 
Increased when the monitored movement Is excessive compared with a 

15 maximum permissible movement predetermined for that dianber. 

13. A polymer mixer according to Claim 12, wherein the ram 
pressure Is also capable of being reduced In use. 

14. A polymer mixer according to aiiy of Claims 8 to 11, further 
comprising a ram as set set forth in the pol3fmer mixer according 

20 to Claim 12 or 13. 

15. A polymer mixer according to any of Claims 8 to 14, modified 
in that the attainment of the predetermined viscosity in any one 
or more stages is instead estimated by comparing the actual 
viscosity with the predetermined viscosity , or with a target 

25 viscosity adjusted for time and/or temperature from the predeter- 
mined viscosity, and during the same or a subsequent step adding 
oil, plastidser or other viscosity-affecting chemical in a quantity 
determined by the comparison. 
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